BACKGROUND: Podocyte injury plays an important role in glomerulosclerosis in IgA nephropathy (IgAN), and detachment from the glomerular basement membrane is the main cause of podocyte damage. In a previous study we found that medium from mesangial cells incubated with aggregated IgA1 (aIgA1) isolated from IgAN patients decreased podocyte adhesive capacity. However, the underlying mechanism remains unclear. MATERIALS AND METHODS:Podocytes were incubated in medium from mesangial cells incubated with aIgA1 isolated from IgAN patients, enalaprilat (10 -5 M) and chymostatin (20 μM), or with enalaprilat and chymostatin separately. Podocyte adhesive capacity was evaluated by cell counting and hexosaminidase assay. Expression of the renin angiotensin system was measured by real-time PCR, Western blot analysis and ELISA. RESULTS: Angiotensinogen, renin and angiotensin II type 1 and 2 receptors mRNA and protein expression, angiotensin-converting enzyme activity, and angiotensin II levels increased in podocyte lysates and conditioned culture media on exposure to mesangial medium containing aIgA1 from IgAN patients (P <0.05). Enalaprilat or chymostatin partly improved the reduced adhesive capacity of podocytes compared to cells exposed to mesangial medium (P <0.05), but it was still lower than for podocytes exposed to mesangial medium containing aIgA1 from healthy controls (P <0.05). CONCLUSION: Our findings indicate that activation of the renin angiotensin system in podocytes is partly involved in downregulation of adhesive capacity in podocytes by mesangial medium in IgA nephropathy.
Medium from mesangial cells incubated with aggregated IgA1 from IgA nephropathy patients reduces podocyte adhesion through activation of the renin angiotensin system Summary BACKGROUND: Podocyte injury plays an important role in glomerulosclerosis in IgA nephropathy (IgAN), and detachment from the glomerular basement membrane is the main cause of podocyte damage. In a previous study we found that medium from mesangial cells incubated with aggregated IgA1 (aIgA1) isolated from IgAN patients decreased podocyte adhesive capacity. However, the underlying mechanism remains unclear. MATERIALS AND METHODS:Podocytes were incubated in medium from mesangial cells incubated with aIgA1 isolated from IgAN patients, enalaprilat (10 -5 M) and chymostatin (20 μM), or with enalaprilat and chymostatin separately. Podocyte adhesive capacity was evaluated by cell counting and hexosaminidase assay. Expression of the renin angiotensin system was measured by real-time PCR, Western blot analysis and ELISA. RESULTS: Angiotensinogen, renin and angiotensin II type 1 and 2 receptors mRNA and protein expression, angiotensin-converting enzyme activity, and angiotensin II levels increased in podocyte lysates and conditioned culture media on exposure to mesangial medium containing aIgA1 from IgAN patients (P <0.05). Enalaprilat or chymostatin partly improved the reduced adhesive capacity of podocytes compared to cells exposed to mesangial medium (P <0.05), but it was still lower than for podocytes exposed to mesangial medium containing aIgA1 from healthy con
Introduction
IgA nephropathy (IgAN) is the most common type of primary glomerular nephritis in China and is the main cause of end-stage renal disease [1] . The pathogenesis of IgAN is still not fully understood and its treatment is not well defined. An increasing number of studies indicate that deposition of undergalactosylated IgA1 in mesangial areas might contribute to pathogenic mechanisms in IgAN owing to an ability to bind specifically to mesangial cells and induce production of a number of cytokines [2, 3] . Recent studies have revealed that the amount of aberrantly glycosylated IgA1 correlates significantly with the severity of glomerular histological lesions and with the prognosis of IgAN [4] . Podocytes are highly differentiated, pericyte-like cells that are essential for normal kidney function. Loss of podocytes is a hallmark of progressive kidney diseases, including IgAN. It is now widely accepted that there is a strong correlation between podocyte injury and IgAN severity: IgAN patients with urinary podocyte excretion show higher proteinuria and poorer renal function compared to patients who lack podocyte excretion. Urinary podocyte excretion is also related to glomerular sclerosis and interstitial fibrosis, which indicate that podocyturia represents clinical evidence of renal damage [5] . There are two mechanisms that could be suggested for podocyte loss: detachment from the glomerular basement membrane and apoptosis [6] . Interesting experiments have explored whether urinary podocytes are fully viable, can be cultivated and continue to synthesise podocyte-specific proteins in vitro in both experimental and human glomerular disease; the ratio of apoptotic podocytes was <50% [7] [8] [9] . In addition to apoptosis, detachment of viable podocytes represents another cause of podocytopenia. We previously reported that medium from mesangial cells incubated with IgA1 from IgAN patients can inhibit podocyte adhesive capacity and can activate the renin angiotensin system in podocytes [10, 11] . Clinical studies have demonstrated that renin angiotensin system inhibitors markedly reduce podocyturia, proteinuria and progression of glomerular disease. In this regard, we hypothesise that renin angiotensin system activation in podocytes by medium from mesangial cells incubated with IgA1 from IgAN patients might play a role in inhibiting podocyte capacity. We carried out an in vitro study to gain insight into the underlying mechanism.
Materials and methods

Patients and controls
Twenty-two IgAN patients were enrolled in the study. IgAN was diagnosed by granular IgA deposits, mainly in the glomerular mesangium and occasionally along the peripheral capillary basement membrane using immunofluorescence, and by the presence of electron-dense deposits in the mesangium using ultrastructural tests. All patients were symptomatic for more than 12 months prior to the tests, and no significant renal impairment was documented. Fifteen healthy volunteers, comparable in age and race and without microscopic haematuria or proteinuria, were recruited as control subjects. Informed written consent for blood sampling was obtained from every subject. The study was carried out in accordance with the principles of the Declaration of Helsinki and was approved by the university and hospital ethics committees. Effect of different media on renin angiotensin system expression in podocyte cultures. A. Expression of RAS protein expression in podocytes exposed to different media. B. Comparsion of RAS mRNA expression in podocytes exposed to different media. Data were normalised to GAPDH mRNA and controls, column c (controls) were arbitrarily set to 1. Error bars represent the SD. C. Comparison of RAS protein expression in podocytes exposed to different media. Data were normalised to GAPDH, column c (controls) were arbitrarily set to 1. Error bars represent the SD. Column PI: podocytes exposed to culture medium from mesangial cells cultured with aIgA1 (100 µg/ mL) isolated from IgA nephropathy mixed 1:9 (v/v) with RPMI 1640 containing 0.5% FBS. Column NI: podocytes exposed to culture medium from mesangial cells cultured with aIgA1 (100 µg/mL) isolated from healthy controls mixed 1:9 (v/v) with RPMI 1640 containing 0.5% FBS. Column C: podocytes exposed to RPMI 1640 containing 0.5% FBS. (P <0.05 vs. column C; &P <0.05 vs. column NI, n = 3).
Purification of IgA1 by jacalin-agarose affinity chromatography IgA1 was isolated from serum pooled for IgAN patients and for healthy donors separately by jacalin affinity chromatography as previously described [10, 11] . Because the amount of pIgA1 recovered from the purification process was not sufficient for further analyses, we incubated the purified mIgA1 at 63°C for 150 min to obtain aIgA1 as described previously [10, 11] . The transition from mIgA1 to aIgA1 was monitored using a Sephacryl S-200 column, and a single peak was observed after incubation at 63°C. The purified IgA1 was identified by Western blotting and stored at -70 °C for further analysis.
Cell cultures
Mouse podocytes and mesangial cells were provided and cultured as previously described [10, 11] . In the following experiments, cells were first cultured to 80% confluence and then growth was arrested with RPMI-1640 culture medium containing 0.5% FBS for 18-24 h.
Experimental design
Growth-arrest podocytes were first pre-treated for 4 h (1) with enalaprilat (angiotensin-converting enzyme inhibitor, ACEI, 10 -5 M ) or (2) with chymostatin (chymase inhibitor, 20 μM, Sigma, St. Louis, MO, USA) alone or (3) in combination, then medium from arrested mesangial cells exposed to aIgA1 from IgAN patients and RPMI 1640 medium containing 0.5% FBS at a 1:9 (v/v) ratio were added; the ratio and time were determined in a pilot study. Podocytes incubated with medium from mesangial cells incubated with aIgA1 from healthy controls and RPMI 1640 medium containing 0.5% FBS in a 1:9 (v/v) ratio are denoted as NI group, and podocytes cultured in RPMI 1640 medium containing 0.5% FBS were used as basal group. Effect of different media on angiotensin-converting enzyme activity in podocyte lysates and conditioned culture media. Column PI: podocytes exposed to culture medium from mesangial cells cultured with aIgA1 (100 µg/mL) isolated from IgA nephropathy mixed 1:9 (v/v) with RPMI 1640 containing 0.5% FBS. Column NI: podocytes exposed to culture medium from mesangial cells cultured with aIgA1 (100 µg/mL) isolated from healthy controls mixed 1:9 (v/v) with RPMI 1640 containing 0.5% FBS. Column C: podocytes exposed to RPMI 1640 containing 0.5% FBS. (P <0.05 vs. column C; &P <0.05 vs. column NI, n = 3).
Adhesion assay
Podocytes were harvested with trypsin and suspended in mesangial cell-conditioned medium. In some wells, aIgA1 from IgAN patients or healthy donors was added to podocytes incubated with serum-free medium. An equal number of cells (4×10 3 /well) were seeded in 96-well plates precoated with rat-tail type I collagen (Sigma). After the above treatments at 37°C for 6 h, two methods were used to evaluate podocyte adhesive capacity. All experiments were repeated three times to ensure reproducibility. For cell counting, the total number of cells in each well was measured by manual counting. Then cells were washed twice with ice-cold PBS and the number of adherent cells was counted and expressed as a percentage of the total number of cells. For the hexosaminidase assay, non-adherent cells were removed by three washes with ice-cold PBS. Then 3.75 mM p-nitrophenol-N-acetyl-D-glucosaminide (Sigma, St. Louis, MO, USA) in 50 mM citrate buffer (pH 5.0) containing 0.25%Triton X-100 was added to each well for 1 h at 37°C. The enzyme was then deactivated by adding 50 mM glycine and 5 mM EDTA (pH 10.4). The absorbance was read at 405 nm using a microplate reader [12] .
RNA extraction, cDNA synthesis and real-time PCR Total RNA was extracted from cells using Trizol reagent (Invitrogen, Carlsbad CA, USA) according to the manufacturer's instructions. Total RNA (500 ng) from each group was reverse transcribed using the reverse transcriptase (RT) provided in a SYBRPremix Ex Taq kit (Perfect Real Time; TaKaRa, Otsu, Shiga, Japan). Reactions were carried out at 37 °C for 15 min and then 85 °C for 5 s. The primers used in the experiments are listed in table 1. Using an ABI Prism 7000 sequence detection system (Applied Biosystems, Foster City, CA, USA) and a SYBRPremix Ex Taq Perfect Real Time kit, PCR was performed as previously reported [10, 11] .
Western blot analysis
Cell proteins were extracted by addition of a lysis buffer (Cell Signaling Technology, Beverley, MA, USA) at 4°C. The suspension was centrifuged at 14000 g and media containing cellular proteins were collected. For Western blotting, sodium dodecyl sulfate polyacrylamide gels were run under standard conditions for a total protein loading of 80 µg in each lane. The gel was placed in transfer buffer for 15 min and set up for transfer to a polyvinylidene fluoride membrane at 200 mA for 1 h. The membrane was rinsed in Tris-buffered saline and then blocking buffer (5% milk powder) for 5 min. The membrane was then immersed in blocking buffer for 1 h before incubation with primary antibodies (angiotensinogen, renin, angiotensin II type 1 receptor and angiotensin II type 2 receptor rabbit polyclonal antibodies, dilution 1:200, Santa Cruz Biotechnology, Santa Cruz, CA, USA; and GAPDH rabbit polyclonal antibody, dilution 1:2000, Cell Signalling Technology) at appropriate dilutions. After rinsing in wash buffer, horseradish peroxidase-conjugated secondary antibody (goat antirabbit, Pierce, New York, USA) was used for 1 h. After final washing, the membrane was developed using ECL Chemiluminescence Reagent (Pierce).
Angiotensin II concentrations in podocyte lysates and conditioned culture media Angiotensin II (Ang-II) levels were determined in podocyte lysates and conditioned culture media. After seeding podocytes on 100-mm dishes and subjecting them to serum restriction for 24 h, the medium was changed as described above. Six hours later the media were collected and cells were washed with ice-cold PBS, scraped from the dishes in the presence of extraction buffer (20 mM Tris-HCl, pH 7.4, 10 mM EDTA, 5 mM EGTA, 5 mM β-mercaptoethanol, 50 mg/mL phenylmethyl sulfonylfluoride, 10 mM benzamidine and 0.1 mg/mL aprotinin), and homogenised. Cell lysates and conditioned media were centrifuged at 15 000 rpm for 10 min at 4°C and the supernatants were collected. Commercially available ELISA kits were used (USCN Life Science & Technology, Missouri City, TX, USA) to measure Ang-II in podocyte lysates and conditioned culture media.
Angiotension converting enzyme activity in podocyte lysates and conditioned culture media Angiotension converting enzyme activity in culture media and cell lysates was determined as previously described [13] using a commercial kit (Navy General Hospital, Beijing, China). The principle of the assay is that hippurylhistidyl-leucine is hydrolysed to hippuric acid and histidylleucine by angiotension converting enzyme in vitro. Hippuric acid is extracted with ethyl acetate, distilled and then dissolved in 1 M sodium chloride. The mixture is monitored by UV spectrophotometry at 228 nm. One unit of angiotension converting enzyme activity is defined as the amount of enzyme required to release 1 nmol of hippuric acid per minute, per millilitre of sample.
Statistical analysis
All data are expressed as mean±SD unless otherwise specified. Statistical differences were assessed using multivari- 
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Results
Angiotensinogen and renin expression in podocytes incubated with medium of mesangial cells incubated with aIgA1 from IgAN patients
Angiotensinogen and renin mRNA and protein levels were higher in podocytes incubated with medium of mesangial cells incubated with aIgA1 from IgAN patients compared to podocytes exposed to mesangial culture medium with aIgA1 from healthy controls (P <0.05) and podocytes exposed to mesangial culture medium with RPMI 1640 containing 0.5% FBS (P <0.05; fig. 1 ).
Ang-II type 1 and 2 receptor expression in podocytes incubated with medium of mesangial cells incubated with aIgA1 from IgAN patients
Medium of mesangial cells incubated with aIgA1 from IgAN patients significantly enhanced Ang-II type 1 and 2 receptor mRNA and protein expression in podocytes compared with mesangial culture medium with aIgA1 from healthy controls (P <0.05; fig. 1 ).
Angiotensin converting enzyme activity in podocyte lysates and conditioned culture media Angiotensin converting enzyme activity in cell lysates and conditioned culture media from podocytes incubated with medium of mesangial cells incubated with aIgA1 from IgAN patients was more than 4.5-fold higher than in those from podocytes exposed to mesangial culture medium with aIgA1 from healthy controls and from podocytes incubated with RPMI 1640 containing 0.5% FBS (P <0.05; fig. 2 ).
Ang-II levels in podocyte lysates and conditioned culture media Ang-II levels in lysates and conditioned culture media from podocytes were 2.05 and 2.18-fold separately higher for exposure to medium of mesangial cells incubated with aIgA1 from IgAN patients than for exposure to mesangial culture medium with aIgA1 from healthy controls (P <0.05). When podocytes were pre-treated with enalaprilat, Ang-II levels in cell lysates and conditioned culture media were lower compared to podocytes without enalaprilat (1.34 ± 0.35 vs 2.05 ± 0.55; 1.45 ± 0.3 vs 2.18 ± 0.45, P <0.05). When podocytes were pre-treated with chymostatin, Ang-II levels in cell lysates and conditioned culture media were lower compared to podocytes without chymostatin (1.75 ± 0.34 vs 2.05 ± 0.55; 1.85 ± 0.4 vs 2.18 ± 0.45, P <0.05). Ang-II levels in cell lysates and conditioned culture media were lower for podocytes exposed to enalaprilat than for podocytes pre-treated with chymostatin (P <0.05). When podocytes were pre-treated with enalaprilat and chymostatin together, Ang-II levels in cell lysates and conditioned culture media were much lower compared to podocytes without chymostatin and enalaprilat(P <0.05), or with enalaprilat(P <0.05) or chymostatin(P <0.05) alone, but were higher than in the control group(P <0.05, fig. 3 ).
Effect of enalaprilat or chymostatin on podocyte adhesive capacity
The adhesive capacity was better for podocytes pre-treated with enalaprilat exposed to medium of mesangial cells incubated with aIgA1 from IgAN patients than for podocytes incubated with medium of mesangial cells incubated with aIgA1 from IgAN patients alone (P <0.05), but was only slightly improved when cells were pre-treated with chymostatin compared with podocytes pre-treated with enalaprilat (P <0.05). The capacity was greatly improved when cells were pre-treated with both enalaprilat and chymostatin, but it was still lower than in the control group (P <0.05) ( fig.  4) 
Discussion
In this study we show for the first time that Ang-II levels concurrently increased with angiotensinogen, renin, and Ang-II type 1 and 2 receptor mRNA and protein expression, and especially angiotensin converting enzyme activity in podocytes exposed to mesangial culture medium from IgAN patients, which indicates that the podocyte renin angiotensin system was activated by mesangial culture medium from IgAN patients. When podocytes were pretreated with the angiotensin converting enzyme innibitor enalaprilat, Ang-II levels significantly decreased. When podocytes were pre-treated with the chymase inhibitor chymostatin, Ang-II levels only slightly decreased. These results suggest that both angiotensin converting enzyme and non-angiotensin converting enzyme pathways are involved Effect of different media on podocyte adhesive capacity. (A) Cell counting and (B) hexosaminidase assay. Column PI: podocytes exposed to culture medium from mesangial cells cultured with aIgA1 (100 µg/mL) isolated from IgA nephropathy mixed 1:9 (v/v) with RPMI 1640 containing 0.5% FBS. Column NI: podocytes exposed to culture medium from mesangial cells cultured with aIgA1 (100 µg/mL) isolated from healthy controls mixed 1:9 (v/v) with RPMI 1640 containing 0.5% FBS. Column C: podocytes exposed to RPMI 1640 containing 0.5% FBS. Column PI+Ena: Podocytes were pre-treated with enalaprilat (10 -5 M) and exposed to supernatant from mesangial cells cultured with aIgA1 (100 µg/mL) isolated from IgAN patients diluted 1:9 (v/v) with RPMI 1640 containing 0.5% FBS. Column PI+chy: Podocytes were pretreated with chymostatin (20 μM) and exposed to supernatant from mesangial cells cultured with aIgA1 (100 µg/mL) isolated from IgAN patients diluted 1:9 (v/v) with RPMI 1640 containing 0.5% FBS.
Column PI+Ena+chy: Podocytes were pre-treated with enalaprilat (10 -5 M) and chymostatin (20 μM) and exposed to supernatant from mesangial cells cultured with aIgA1 (100 µg/mL) isolated from IgAN patients diluted 1:9 (v/v) with RPMI 1640 containing 0.5% FBS (P <0.05 vs. column C; &P<0.05 vs. column NI; $P <0.05 vs. column PI; #P <0.05 vs. column PI+chy; @P <0.05 vs. column PI+Ena, n = 3). Data were normalised to controls (column c), which were arbitrarily set to 1. Error bars represent the SD.
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Swiss Med Wkly. 2011;141:w13304 in mesangial culture medium from IgAN patients-induced Ang-II production in podocytes, but angiotensin converting enzyme pathways are likely to play a greater role. Similar results were obtained for chymostatin and enalaprilat effects on the adhesive capacity of podocytes exposed to mesangial culture medium from IgAN patients, which implies that renin angiotensin system activation induced by the special mesangial medium contributed to inhibition of podocyte adhesive capacity.
Previous IgAN clinical studies have demonstrated that renin angiotensin system blockade by angiotensin converting enzyme inhibitors or Ang-II receptor blockers reduces proteinuria and nephropathy progression that cannot be explained merely by their antihypertensive effect [14] . These findings suggest that renin angiotensin system blockade may have direct effects on various renal cells. Many investigators have focused on podocytes because they not only serve as a filtration barrier to protein, but also play an important role in the pathogenesis of glomerulosclerosis.
Liebau first demonstrated functional expression of key renin angiotensin system components in differentiated human podocytes by Western blotting and immunostaining [15] . Ang-II promoted podocyte autophagy caused rearrangement of cortical F-actin, reduced α-actinin-4 and focal adhesion expression and induced a migratory phenotype switch in cultured mouse podocytes [16, 17] . All these studies imply that RAS activation in podocytes plays a role in the overall pathophysiology of renal disease.
In our in vitro study we first demonstrated that angiotensinogen, renin, angiotensin converting enzyme, and Ang-II type 1 and 2 receptor expression increased in podocytes concomitantly with Ang-II levels on exposure to mesangial culture medium from IgAN patients, which implies that RAS activation in podocytes was induced by the special medium. We observed two interesting phenomena. First, angiotension converting enzyme-dependent pathways for Ang-II formation are of major significance, as evidenced by the stimulation of angiotension converting Effect of different media on angiotensin II levels in podocyte lysates and conditioned culture media. Column PI: podocytes exposed to culture medium from mesangial cells cultured with aIgA1 (100 µg/mL) isolated from IgA nephropathy mixed 1:9 (v/v) with RPMI 1640 containing 0.5% FBS. Column NI: podocytes exposed to culture medium from mesangial cells cultured with aIgA1 (100 µg/mL) isolated from healthy controls mixed 1:9 (v/v) with RPMI 1640 containing 0.5% FBS. Column C: podocytes exposed to RPMI 1640 containing 0.5% FBS. Column PI+Ena: Podocytes were pre-treated with enalaprilat (10 -5 M) and exposed to supernatant from mesangial cells cultured with aIgA1 (100 µg/mL) isolated from IgAN patients diluted 1:9 (v/v) with RPMI 1640 containing 0.5% FBS. Column PI+chy: Podocytes were pre-treated with chymostatin (20 μM) and exposed to supernatant from mesangial cells cultured with aIgA1 (100 µg/mL) isolated from IgAN patients diluted 1:9 (v/v) with RPMI 1640 containing 0.5% FBS. Column PI+Ena+chy: Podocytes were pre-treated with enalaprilat (10 -5 M) and chymostatin (20 μM) and exposed to supernatant from mesangial cells cultured with aIgA1 (100 µg/mL) isolated from IgAN patients diluted 1:9 (v/v) with RPMI 1640 containing 0.5% FBS (P <0.05 vs. column C; &P <0.05 vs. column NI; $P <0.05 vs. column PI; #P <0.05 vs. column PI+chy; @P <0.05 vs. column PI+Ena, n = 3). Data were normalised to controls (column c), which were arbitrarily set to 1. Error bars represent the SD.
enzyme activity and greater inhibition of Ang-II formation by angiotension converting enzyme inhibition, which differs from a previous study suggesting that angiotensin converting enzyme-independent pathways for Ang-II formation are of major significance in disease progression [18] . Second, Ang-II type 1 and 2 receptor expression in podocytes was enhanced by mesangial culture medium from IgAN patients, which may be related to a balance of cell physiological behaviour since Ang II receptor subtypes play opposite roles in regulating the barrier function of the glomerular capillary wall: AT1R-mediated action hampers the expression of slit diaphragm molecules, whereas AT2R-mediated action enhances it [19] . We have reported that aIgA1 (more than 100 ug/ml) can directly induce apoptosis of podocytes [20] , which indicated that aIgA1 might affect podocyte biological behaviour. In this in vitro study, the concentration of special medium incubated with podocytes is 10% of original mesangial medium, which means that the concentration of aIgA1 in the special mesangial medium is no more than 10 ug/mL, and we have reported that 10 μg/ml aIgA1 from IgAN patients or healthy control subjects did not show any effect on adhesive capacity of podocytes [10] . We can believe that it is soluble mediators released from mesangial cells rather than aIgA1 in the conditioned medium that affect podocyte adhesive capacity. IgAN is characterised by polymeric IgA1 deposition in the mesangium, but the tiny amount of polymeric IgA1 in serum limits its use in an in vitro study. It is necessary to use aggregated IgA1 by heating monomeric IgA1, which is similar to IgA immune complex and commonly used in vitro studies [10, [20] [21] [22] . IgA1 can activate mesangial cells and stimulate the secretion of many cytokines such as interleukin-6, transforming growth factor-β1 and Ang-II. These cytokines are detected in mesangial cell medium during culture in the presence of aIgA1. We have reported that a medium of mesangial cells incubated with aIgA1 from IgAN patients can induce podocyte apoptosis and inhibit nephrin expression and secretion of transforming growth factor-β1 [10, 11] . Taken together with inhibition of podocyte adhesive capacity in the present study, the results suggest that glomerulo-podocytic communication exists in IgAN, which could be one mechanism for podocyte injury in IgAN. However, we could not restore podocyte adhesive capacity, even when cells were pre-treated with enalaprilat and chymostatin, possibly because of cytokines in the medium, such as transforming growth factor-β1, which can decrease podocyte adhesive capacity [23] . Further study is required to identify the underlying mechanism.
In conclusion, medium from mesangial cells incubated with aIgA1 from IgAN patients can inhibit podocyte adhesive capacity through renin angiotensin system activation. This information provides further insight into the mechanism of podocyte damage in IgAN. 
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Figure 1
Effect of different media on renin angiotensin system expression in podocyte cultures. A. Expression of RAS protein expression in podocytes exposed to different media. B. Comparsion of RAS mRNA expression in podocytes exposed to different media. Data were normalised to GAPDH mRNA and controls, column c (controls) were arbitrarily set to 1. Error bars represent the SD. C. Comparison of RAS protein expression in podocytes exposed to different media. Data were normalised to GAPDH, column c (controls) were arbitrarily set to 1. Error bars represent the SD. Column PI: podocytes exposed to culture medium from mesangial cells cultured with aIgA1 (100 µg/mL) isolated from IgA nephropathy mixed 1:9 (v/v) with RPMI 1640 containing 0.5% FBS. Column NI: podocytes exposed to culture medium from mesangial cells cultured with aIgA1 (100 µg/mL) isolated from healthy controls mixed 1:9 (v/v) with RPMI 1640 containing 0.5% FBS. Column C: podocytes exposed to RPMI 1640 containing 0.5% FBS. (P <0.05 vs. column C; &P <0.05 vs. column NI, n = 3).
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Figure 2
Effect of different media on angiotensin-converting enzyme activity in podocyte lysates and conditioned culture media. Column PI: podocytes exposed to culture medium from mesangial cells cultured with aIgA1 (100 µg/mL) isolated from IgA nephropathy mixed 1:9 (v/v) with RPMI 1640 containing 0.5% FBS. Column NI: podocytes exposed to culture medium from mesangial cells cultured with aIgA1 (100 µg/mL) isolated from healthy controls mixed 1:9 (v/v) with RPMI 1640 containing 0.5% FBS. Column C: podocytes exposed to RPMI 1640 containing 0.5% FBS. (P <0.05 vs. column C; &P <0.05 vs. column NI, n = 3).
Figure 3
Effect of different media on angiotensin II levels in podocyte lysates and conditioned culture media. Column PI: podocytes exposed to culture medium from mesangial cells cultured with aIgA1 (100 µg/mL) isolated from IgA nephropathy mixed 1:9 (v/v) with RPMI 1640 containing 0.5% FBS. Column NI: podocytes exposed to culture medium from mesangial cells cultured with aIgA1 (100 µg/mL) isolated from healthy controls mixed 1:9 (v/v) with RPMI 1640 containing 0.5% FBS. Column C: podocytes exposed to RPMI 1640 containing 0.5% FBS. Column PI+Ena: Podocytes were pre-treated with enalaprilat (10 -5 M) and exposed to supernatant from mesangial cells cultured with aIgA1 (100 µg/mL) isolated from IgAN patients diluted 1:9 (v/v) with RPMI 1640 containing 0.5% FBS. Column PI+chy: Podocytes were pre-treated with chymostatin (20 μM) and exposed to supernatant from mesangial cells cultured with aIgA1 (100 µg/mL) isolated from IgAN patients diluted 1:9 (v/v) with RPMI 1640 containing 0.5% FBS. Column PI+Ena+chy: Podocytes were pre-treated with enalaprilat (10 -5 M) and chymostatin (20 μM) and exposed to supernatant from mesangial cells cultured with aIgA1 (100 µg/mL) isolated from IgAN patients diluted 1:9 (v/v) with RPMI 1640 containing 0.5% FBS (P <0.05 vs. column C; &P <0.05 vs. column NI; $P <0.05 vs. column PI; #P <0.05 vs. column PI+chy; @P <0.05 vs. column PI+Ena, n = 3). Data were normalised to controls (column c), which were arbitrarily set to 1. Error bars represent the SD.
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Figure 4
Effect of different media on podocyte adhesive capacity.
(A) Cell counting and (B) hexosaminidase assay. Column PI: podocytes exposed to culture medium from mesangial cells cultured with aIgA1 (100 µg/mL) isolated from IgA nephropathy mixed 1:9 (v/v) with RPMI 1640 containing 0.5% FBS. Column NI: podocytes exposed to culture medium from mesangial cells cultured with aIgA1 (100 µg/mL) isolated from healthy controls mixed 1:9 (v/v) with RPMI 1640 containing 0.5% FBS. Column C: podocytes exposed to RPMI 1640 containing 0.5% FBS. Column PI+Ena: Podocytes were pre-treated with enalaprilat (10 -5 M) and exposed to supernatant from mesangial cells cultured with aIgA1 (100 µg/mL) isolated from IgAN patients diluted 1:9 (v/v) with RPMI 1640 containing 0.5% FBS. Column PI+chy: Podocytes were pre-treated with chymostatin (20 μM) and exposed to supernatant from mesangial cells cultured with aIgA1 (100 µg/mL) isolated from IgAN patients diluted 1:9 (v/v) with RPMI 1640 containing 0.5% FBS. Column PI+Ena+chy: Podocytes were pre-treated with enalaprilat (10 -5 M) and chymostatin (20 μM) and exposed to supernatant from mesangial cells cultured with aIgA1 (100 µg/mL) isolated from IgAN patients diluted 1:9 (v/v) with RPMI 1640 containing 0.5% FBS (P <0.05 vs. column C; &P<0.05 vs. column NI; $P <0.05 vs. column PI; #P <0.05 vs. column PI+chy; @P <0.05 vs. column PI+Ena, n = 3). Data were normalised to controls (column c), which were arbitrarily set to 1. Error bars represent the SD.
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